Lecture 7, January 28, 19C5L

Continuation of transposition of Acj;and its relution to somatic
sectoring and to controls of rmutaticn of mutable genes.,

I. Review of previous discussion®
1.In all major respects, Ac is inhcrited as a mendelian unit:
a). Expected statistical ratio in Foy 3 Ac ¢ 1 acj found,

b). Expected 8 " in b.c. of Ac/ac: 1 : L; foind,

2. When)homozygote, Ac/Ac, bsckcrossed by ac, some unexpected svents
revealed:

a). Not all of the plants carry Ac -- few with no Ac
b). Others, 2 Ac factors, independently located . W + ke

c). Alteration in acticn of Ac tncnind: -~
(1) Dosage action of single Ac double that of original Ac = M
(2) Dosage action of single Ac increased over that of original
Ac but not double that of it,
(3) Dosage action decreased, Ds breaks occur earlyer in
develovment of tissue than those occurrins when original
was present,

3+ The changes in Ac occur late in development o the sporogenous tissues:
(1) This shown by the scattered kernels on ear that carry the
changed Ac factors, famL -
(2) In case presented, these changes occurred in only a few of
the ovules vroduced by the female vnlants,

II. What is the mechanism recsponsible for these changes of Ac¢?

l. If one Ac transposed from one chroriosome to another in sporogenous
cell, before meiosis, could get either no Ac or 2 Ac in the

resulting re or coamete: .
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2. If one Ac in one chromescne romalns in one chromosore after chromoso-e
reduplicaticn, can get double-dose Ac or no Ac:
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In develovment of the megasvore, either of these two cells recovered
but not both: Onlv one cell ﬁevefops intc the megasroré, and onely one of
spores produces the female gametorhytes
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3¢ In either case, would exzect to find a 1 : 1 ratio of kernels with
no Ac to those with either 2 Ac or double-dose Ac.

~
Observed: 19 with no Ac to 23 with either 2 Ac ortéAchce.

L, In addition, Ac was found to change in action-- to increase its

dosage action or to decrecnse it, How does this occur?
= 3 - . >
If it is transposed, does 1ts -ositicn affect its action?
“ﬁf- If changes occur of this type, without change in positicn, is

Ac comrosed of a number of sub-units? Cr, is its efficiency
in scme manner edtered?

What evidence have we that Ac does move from one ositicn bo another
in the chromosomal com lement? To study, sho:ld know the positicn
of Ac in the chromosome com lement and study is changes at this
position and its removal from this nositi n, This was done because
of appecrance of Ac in chromosome 9, which is well marked.

The first discovered case of Ac Appearance in chrorosome 9@
6

a)., In cross of ac/ac plant by Ac/ac plant, no evidence found for any
1linkare of Ac with markers in chromogome 9,

Lants

b)., The lecarrying Ac grown. 9 plants crossed to plants not carrying Ac,
N .

Both chromosomes 9 in male parents with Ac carried genetic markers
in chromosome 9.
¢)s 8 plants showed that Ac was not linked to factors in chrooso~e 9,
d). 1 plant; the Ac in this nlant linked to markers in chr. 9.

e). Its position tested, Found to be located to right of Wx:

¢ Wx Ds Ac

f). Type of data obtained in test of linked and nom-linked Ac:

C sh bz wx ds, ac female by I: I Sh Bz Wx Ds Ac male
-V 5h Bz wx Ds ac

IT: I Sh Bz VWx Ds Ac
C Sh Bz wx Ds ac

Table 1, page 23, Symposium paper, (:)



2+ Later, other cases of aprearance of Ac in chromocsome 9 focund, One of
them, Ac in short arm, just to left of Wx:

C Ac Wx Ds

8)e. Sxample of how such a case discovered:
Number of =lants in a culture came from one in w:ich Ac had not
_been located in chromosome 9,

These plants tested for Ac. Cne among them may now show Ac
in chromosome 9:

‘he test type: Ewowple

Female: ¢ Wx Ac X C wx Ds, ac male:

Cc WX ac

fernels on resupting ear: Would eygpet
1 C Ux, noq;%i?iegatod ¢ 1 8 Wx, withiazﬁﬁs of ¢ wWx

1 C wx, non-variegated : 1 C wx, with areas of c
3 b

Yo W R
Ir female e c Ac W
male wer L nce Fx X C wx Ds ac, then, modified
¢ ac wx
ratios of variegated to non-variegated expected in Wx and wx
classes: The expent of deviation from 1 : 1 would

depend upon how close Ac were to Wx, And, the frequency
of transposition of Ac from chromosowe 9 positicn, as
indicated, to another position.,

Example in one test:

C Wx calss C wx class
Non-var, CWx-cwx var Non-var, Cwx with ¢ areas
19 207 16l 1l
b). Ac obviously closely linked to ¥x, The order could be:
(1) or (2)
c Ac Wx c Wx Ac
cC ac wx C WX ac

:)« In usualy genetic test, it would be simple to locate factor by a
three-point test:

C Ac Wx C Wx Ac
¢ ac wx C WX 8acC

bhﬁeﬁebmine the »nosition and crossover frecuencies readily in most
" genetlic tests, o
his not easy in the case of Aec, Ihis is because of transnogitions,



d)e A number of different tezts conducted witi t-is case, It took
nearly three years before location and cross-over frequencies
could be stated with some certainty,

e). Tests are tedious to describe and not easy to follow because of
number of genetic markers used; and the many typespf tests made,

). To avoidé such descriptions, a relatively simple type of test can
be used to illustrate what happend: ‘he cross:

female male
(1) ¢ ac wx ds v G ac fwx ' Ds
¢ ac ‘wx)ds C Ac ‘wx:ds

(2) Type of kernels on the resulting ear:
‘heir constitutions as

expected:
non-crossover: crogs-over
478 Colored, non-variegeted ' C ac Ds e C Ac ds C ac Ds
c as ds c ac ds c ac ds
17 Colored with ¢ areas C Ac Ds

"¢ ac ds
(3) 17 "erossover" carrying kernels selected from ear., Plants
grown from them. 16 plants testedj one died,
Eachrpdent .érosséd-byy I Wx Ds ac

" " " to ¢ wx ds ac

The results: 13 plants of 16 only, as records of other 3 not here:

C Ac wx Ds

6 plants were crossover tvpes:
P P ¢ ac (wx)ds

6 plants had Ac, but not in chromosore 9 short arm

C ac (wx)Ds Ac ,
¢ ac (wx)ds ac X

1 plant had no Ac, i’lmv\&dﬂm w vl pis foduewnss o w8

Kyt P :?;ﬁl
i
(4). This test shows that only half of the appasent crossovers are

true crossovers, The rest carry an Ac, not in chromosome
9 short arm,



i, Other cases of appearance of Ac in short arm of chromosome 9:

Aec C Wx

a), Changes in Ac that were observed:

Disapnearance from short arm coincident with aprpearance elsewie re,
Change in dosage action: Increaszed or decreased, elither with or
without change in location,
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W - 5. A correlation noted between changes %n location, and/or action of Ac
and changes occurring at Ds, he coincidence rote is high,

a2). This has made it nossible for ready selections of changes in
location of Ac in kernels carrying them, Will be discussed
later, where this will be strikingly an-arent,

Iv, With evidence of changes that occur to Ac in mind, it is possible to
evaluate the pattcrns produced in kernels carrving Ds and Ac,

1. The "early sectorials", Changes of Ac occur very early in development
gf kernel, Result in sectors showinﬁ different types of Ac action:
thege aprpear in kernels carrrying two Ac¢ or a double-dose Ac,

Female with Ac ‘ fiale with deubpdose Ac
C sh bz wx ds Ac x male I Sh Bz Wx Ds C sh bz wx ds m L _etcDs
no ‘e ac Arhic
The endosperms: ‘he endosperms:
2 indenendent Ac 1 Acéce

-~
2, One of the AcAc males (homoZygous and allelic positions) crossed to
various tester plants as females, 90 - 95 % of kernels we e
early sectorials: Cf(iﬁ,‘f Ty

The 3 most frequent types:
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The infrequent types:

me&yﬁt(:z,iﬁgr cz;

3+ Other cases, from crosses with female introdvcing Ac, Some lsolates
give sectoring later in develovment: LExamples: thb&(:D

Q”Q"L,— o With this in mind, can attermpt to evaluabe the patterns observed when
1 Ac present, Examples:

a). The kernels are mosaics of different Ac constitubi-ns:
No Ac -~ not Ds breaks; sectors not siowing breaks

éﬁ&w <§> 2 Ac -~ sectors produced with late occurring Ds brezks
\Z. N sub
"itthin them,/sectors produced with no Ds breaks or later
occuring Ds breaks,

b). Pattern of variegation in the kernels receiving 1 Ac reflects the
changes occurring to Ac and the time of these changes., It is not
a "chance" pattern of Ds breaks.

\ﬁb - c¢)1 Dirferent isolates of Ac can show quite different patterns in 1 dose,

(1) With some, changes in Ac cormence early in the development of the
endosperm,
(2) With others, these occur much later,
(3) The ccnsequence:
Various t pes of patterns produced by different Ac isolsotes.,
These different actions reflect differences in the Ac factors
These dirferences have been designated different "states" of
Ac, T——
-V, The bearing of the Ac investigation on the problem of what is operating to
control the mutations at the locus of the mutable genes,

1. In the first discussion of this series, the reasons for undertaking the
study of mutable loci were erphasized,

2. 1t was emvhasized that in all examined cases, and there wsre many, -~
a controlling system was present. Thig system controlled the
time of occurrence of mutaticns during the develorment of a tissue
and the cells in which 1t would occur,
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(5)., Whe-e did this Ac come from? If we assume transposition

from short arm of chromosome 9 to another chrorosceme, this
situation could be explained:

Spobggenous cell

a). C Ac ds C ac Ds R EEY cCeosesseven
~ s -
homologu;s homologues of another chromosome
b). Ac transposed in this cell $0 eeeess.. chrosiosomes
C ac ds C ac Ds ..AG..... es s sy

¢). tleiotic segregations: Segregations:

Synapsis: C dc ds ...%?oooo
C ac ds ac -

e —— $9Pvecssnee
C ac Ds KXY

Ac .
Y C ac Ds ...oo%?ool

(6). In the described test, in selecting for supposed crossovers,

“Nﬁ@ we are also selecting for transpositions of Ds. Such were
AR present in approximately one-half of the supnosedly cross-over
class,

!g) —7 3+ e can also test for the removal of Ac from chro-oscie 9 siort arm:
¥

a). Bxam.le of the t¥pe of test:

Female ﬁale
¢ Ac X C Ds ac
c Ac C Ds ac

Types of kernels on ear from one such test: (Most of tests not here)

3 kernels did not germinate
6 C, non-variegated:

3 remaining plants tested:

168 C with ¢ areas: 2 had no 4c .
T ¥ 1 had AcAc but no change in locati
2 kernels with very = = T
4 late speckled Plant grown from one of %two kernels:
pattsr of loszes,
jf Ac not in chrcmosome 9, Plant
Was: g Dg Ac
c ds ac

Ac action altered from that
ghown when in chr., 9,
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3. The observations for these conclusions came from the apnearance of
"twin sectors”", They were:

/\j N

O

i, Thikse relaticnships within the twin sugcested that one cell received
something that the other cell lost, and this something was associated
with the control of mutations in future development =~ in the
cells arising from those where the changes occurred.

5. Since twin sectors apncor to come from sister cells, the event anneared
to be associnted witl: the mitotic nrocess,

6., Also, the mutation nrocess itself amneared to ocecur during a mitosis, and
this often corrclated with a change in the controlling system:
3
/F«,.\

T« Ac controls bhe occurrence of breaks at Ds, If these events at Ds
are compared to the mutations at mutable loci, then parallels may be

drawns Ac is the controlling system controlling the "mutaticns' in
this case,

a). Segregaticns of Ac occur at somatic mitosis. One cell can gain an
Ac that the other cell loses. Resubt is an altered time of
occurrence or the absence of occurrence of Ds breaks in the
progeny of the two resulting cells:

b)e. The concident changes at both Ac and Ds: these frequent,
Result in sister cells, one of which may have altered Ac:

Changex;n Ac in sector with Ds break
& 7T ; e
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fesulting sector:
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c)e The parallel reganrding controlling systems is striking. This

would suggest that the rmuiable genes also have controlling units
that a e resnonsible for the patterns of mutaticns, These units
either at the locus concerned or are separate - as wl th Ace

VI, In next discussion, would like to consider Ds again and show that it, also,
transposeslbomone location to another and that there are very
strkking consequences produced as a result of thisg It is the
cause of the amearance of some of the mutable genes,



